PU rpose : to assess the role of MR imaging in determining of the atrial situs in complicated congenital heart disease with situs ambiguus Method and Materials : 1n order to classify the situs, the morphology of atrial appendages, on bronchiallength ratio, the superior-inferior relation of the pulmonary artery(PA) and main bronchi on each side, and splenic abnormality were evaluated by MR imaging in 22 patients (12 boys and 10 girls), and the results were compared.
thought. Van Praagh(6) believes thatthere are only two types of atrial situs : solitus and inversus. Situs solitus is the normal visceroatrial situs ; the morphologically right atrium(RA) is right-sided, and the morphologically left atrium(LA) is left-sided. Situs inversus is the mirror image or inverted type of visceroatrial situs; one atrial appendage is morphologically right and the other, morphologically left. Van Praagh confined the meaning of situs ambiguus atrialis to an undiagnosed case, on the other hand, on the basis of its atrial morphology. Van Mierop and Wiglesworth(2) and many others (7 -11) , advocate atrial isomerism, in which both atria have similar internal and external configuration and appendage morphology, and are considered either bilaterally RA or LA. Atrial situs is most usefully determined by the morphology of the atrial appendages (8, 12, 13) .
1n clinical study, angiography (14, 15) , chest radi-A c ography(ll , 16, 17) , ultrasonography (9, 10, 18) radioisotope scanning (19) or computed tomography (18, 20) have been the modalities used to determine cardiac situs, but each method has inherent limitations due to interpretation or risk due to its invasiveness. Because of itswide field of view, good tissue contrast and depiction of cardiovascular structure without contrast media injection, MR imaging is now being applied to the assessment of cardiac disease (21) . It can clearly delineate cardiovascular structure, major airways, and upper abdominal structure, and, moreover, can superbly visualize major arteries and veins (22, 23) which are poorly visualized by echo or may sometimes be difficult to visualize even by angiography. The purpose of this study is to evaluate by MR imaging the morphology of the atrial appendage, the ratio of bilateral bronchial length, the superior-inferior relation of the pulmonary artery and main bronchi on each side, the atrium receiving blood from the IVC and also splenic abnormality, and to assess the ability of MRI to identify each anatomic landmark in order to determine cardiac situs. 
Materials and Methods
Twenty two patients with asplenia or polysplenia syndrome combined with congenital heart disease were the subjects of this study. They were twelve boys and ten girls and their age ranged from 2 months to 13 years. At the same time, to determine the accuracy with which cardiac situs was recognized, the authors evaluated 16 adult patients with situs solitus hypertrophic cardiomyopathy. The morphology of both atrial appendages was observed on MR by two board-certified cardiopulmonary radiologists and a chief resident, working independently withoutany clinical information. The criteria for discriminating right and left atrial appendages were as follows. If the appendage was triangular-shaped and had a broad base, with or without prominency at the base due to crista terminalis shadow, it was classified as right; if its shape was long and finger-like, with a narrow base, it was classified as left. The ratio of bronchial length was calculated by measuring and dividing the length of the right and left main bronchi from the carinal angle to the take off point of the upper lobar bronchi. The superior-inferior relation of the main bronchi and pulmonary arteries(PAs) on each side was observed, a main bronchus being defined as one before bifurcation to an intermediate or lower lobar bronchus. The name ' epiarterial bronchus' was given to one superior to the PA, and ' hyparterial', if the reverse relation was seen. The presence of a suprahepatic segment of IVC, a seg- Fig. 3 . Three-year-old male patient who shows discrepancy between bronchial length ratio and pulmonary artery-bronchus relation. The bronchial length ratio of right to left is 2, but pulmonary artery-bronchus relation was bilateral hyparterial bronchi. There is total anomalous pulmonary venous return through vertical vein(arrowhead). (large arrows: pulmonary arteries, sma]] arrows : bronchi) ment of vesse1 between the superior dome of the liver and draining 、 atrium, as well as the side and appendage morpho1ogy of draining atria, were the criteria on which the status of the liver, sp1een and stomach was determined. When there was disagreement, the matter of right or 1eft sidedness was de cided by consensus between the three radio1ogists.
MR images were obtained with a 1. 5 Tes1a system (Signa Genera1 Electric, Mi1waukee, Wis.), (with a head coil when chi1dren were small enough), using the ECG gated mu1tislice spin echo technique(TR= 1 or 2 R -R interva1 according to heart rate, and TE=20 -30msec), T1 weighted images with 3 -5mm slice thickness were obtained in the axiaL transverse and sagitta1 p1anes.
Results

Adult patients with situs solitus
All the right atria1 appendages were recognized as being triangu1ar-shaped and with a broad base, and in all cases, the 1eft appendages were a1so identified. In six patients, however the 1eft appendages were not clearly defined; e1even had a narrow base and were tubu1ar-shaped, but four had a broad base and were triangu1ar-shaped.
All 1eft bronchi were 10nger than those on the right, with all 1ength ratios greater than 1.9(mean 2.5 :t 0.38) . All right main bronchi were epiarterial in relation to the pulmonary artery, whereas the left bronchi were hyparterial.
Pediatric situs ambiguus patients Atrial appendage
With regard to 24 of 44 apendages(55 %), agreement as to right or left sideness was independently reached bt two radiologists ; the 20 appendages representing disagreement were reviewed, and three radiologists reached a consensus. The result was atrial isomerism in 16 cases(right isomerism 13, left isomerism 3), situs s이itus in four , and indeterminate 10 two.
Bronchial length ratio and PA-Br relation
The PA-Br relation was bilaterally hyparterial in nine cases, and bilaterally epiarterial in 13; there was no interobserver variation. Bronchial length ratios were less than 1. 5 in all except one case, in which the right to left length ratio was 2: L as in situs inversus. The PA-Br relation in this patient was bilaterally epiarterial bronchi.
The atrium received blood from the IVC or hepatic vein
Fig. S. Left isomerism with polysplenia. Axial MR image
In patients without interruption of the IVC, shows multiple coalescent n~duíe; (arrows) in retrogastr-ic drainage was to the bottom of a right-sided atrium area.
in two cases, to a left-sided atrium in ten, and to the middle of a common atrium in one. In nine patients in whom the IVC was interrupted, blood A B Fig. 6 . Four-month-old female patient who shows discrepancy between atrial morphology and pulmonary artery-bronchus relation. Left sided atrial appendage{white arrow) shows narrow base and tubular shape, but right sided atrial appendage shows relatively broad base and triangular shape. Bilateral bronchi{arrowheads) are hypaterial. Indeterminate *according to the superior-inferior relation of pulmonary arteries and main bronchi flow from the liver drained via the hepatic vein directly to the atrium. The branches of hepatic vein formed a confluence and then drained to a rightsided(n=4), left-sided(n=2) or middle of common atrium(n=2). In the remaining one cases, the confluence of two hepatic veins as seen; these, respectively, drained to the atrium on each side.
Abdomínal organs
The spleen was absent in 14 patients and multiple in eight. In these latter cases, it was seen as multiple coalescent nodules in the retrogastric area. The liver was symmetric in 13 patients, rather right-sided in five and rather left-sided in four, while the stomach was right-sided in nine, left-sided in four, and not detected in nine.
Comparíson of bronchía l sítus wíth shape of atríal appendages
Because bronchial situs showed no interobserver variation, and predominantly tended to show *according to the superior-inferior relation of pulmonary arteries and main bronchi laterization, the authorconsidered this situs to be the most reliable method of situs determination, and on the basis of atrial appendage or splenic abnormality, bronchial and other situs were compared . As in cases determined according to bronchial length ratio, a bilateral epiarterial relationship between bronchi and pulmonary arteries was seen in situs inversus. Bronchial and atrial situs were consistent in 10 of 13 cases of right isomerism but in only three of nine of left isomerism (Table 1) ; a total of 13 of 22 cases thus showed consistency. Compared to the result in cases of right isomerism, that in left isomerism proved to be particularly inaccurate when determined by the method of atrial appendage morphology. situs ; three of 22 left isomerism patients had single or bilobed spleen, while all with right isomerism were asplenic( 5). Cardiac situs may thus be determined according to the nature of the corresponding atrial anatomy. In large autopsy (7) and small clinical series (16), atrial and thoracic situs always corresponds. Caruso and Becker(8) reported abdominal heterotaxy with asplenia; in three cases, tracheo bronchial tree and atrial anatomy were discordant. Overall, less than 1 % of casesa showed discordance between bronchial and atrial situs (13) , and this is why cardiac situs is most reliably determined according to atrial situs. For the identification of atrial anatomy, the morphology of the atrial appendage is the prime feature. Atrial type has no bearing on clinical significance ; rather venous connections have a major impact on clinical profile (3, 25) . The type of atrium can be reliably distinguished by the shape of its appendage, which represents the true atrium in the sense of embryologic development, while the major part of the definitive atrium is formed by secondary uptake of either sinus venosus tissue or pulmoanry vein(26). Sharma et al (12) observed 1842 heart specimens, and in all of which able to determine through study of the atrial appendage whether the atrium was right-or left-sided . This did not mean, however, that the atrial appendages showed features typical of appendages in situs solitus, but that their salient features enabled right or left sidedness to be distinguished .
In patients with visceral heterotaxy syndrome, cardiac anomaly is usually complicated, and for safety reasons, the amount of contrast media is limited; in cardiac angiography, the rule is not to opacify the atrial appendage for the purpose of situs determination. MRI, on the other hand, can delineate the atrial appendage without additional effort. In seven of 17 cases of right isomerism, Wang et al (27) obtained MR images which were adequate for the identification of atrial situs. In normal atria, left appendages are narrower and more hooked, and so were not clearly defined and someVisceral heterotaxy syndrome is failure or incomtimes appeared triangular-shaped due to the partial plete expression of lateralization of the thoracic and volume averaging effect. Moreover, Sharma et al(12) abdominal organs(I). Splenic anomaly is not always st a 
Comparison between bronchial and abdominal situs
When bronchial and abdominal situs were compared, all 13 right isomerism patients showed asplenia, while in eight of ninth with left isomerism, polysplenia was seen (Table 2 ). In right isomerism, the incidence of abnormal systemic and pulmonary venous return was seven cases of T APVR, and in left isomerism, nine cases of interruption of IVC and four of PAPVR (Table 3) Discussion cases were classified as left isomerism on the basis of atrial appendage morphology. The distribution pattern of pectinate muscle is quite helpful for the classification of isomerism, but MR is not able to resolve this fine structure. The presence of terminal crest or the broadness of the junction with the venous atrium were not helpful in this study, because in MR images, they could be inf1uenced by atrial dilatation.
The spleen is absent in 82% of patients with right isomerism(5), but clinical recognition of the a bsence of multiplicity of the spleen is difficult. The absence can be recognized by the presence of Howell-Jolly bodies in the blood (28) and the failure of scintigraphy (19) or ultrasonography (13, 23) to demonstrate the spleen. Howell-Jolly bodies may, however, appear in patients with normal spleen, are seen rarely in those with polysplenia, or may increase where there is sensitivity to drugs (20) . Spleen scintigraphy is difficult to interpret because of radionuclide uptake by the liver. Multiple spleen was seen in 70 % of patients with left isomerism, and in less than 1 % of those with lateralized atria (24) . Ultrasonography can depict multiple spleen but this is unfamiliar to cardiologists, and if located at an unusual site, its acoustic window may be limited by a gas-filled bowel. Abdominal arteriography, CT and MRI are the only reliable diagnostic method, and MRI, inpaπicular， is an excellent modality for demonstrating the presence, shape and position of the spleen.
Right-left bronchial length ratio was less than 1. 5 in cases of isomerism(ll , 16, 17), and to determine whether this was right or left, bronchial length was compared to that of patients of corresponding age (1 6), or to tracheal width (17) . Bronchial length ratio and the relative positions of a bronchus and its respective P A can be assessed from a good quality frontal image obtained using the high KV technique. If the P A is enlarged, its position can be recognized by bronchial compression, and lateral projection may be useful for evaluation of relative positions of the bronchus and its corresponding pulmonary artery(ll). In cases of isomerism, the right and left PA are located either anterior or posterior to the tracheobronchial tree, as seen on lateral view; a bronchus with a posterior stripe due to interface with adjacent lung parenchyma(lateral view) is the right main stem. A great advantage of angiography, CT, and terally h y aterial or epiarterial bronchi, without any interobserver variation, and in MR imaging, the pulmonary arterial and bronchial relationship is therefore the most constant and reliable indicator of atrial situs. Moreover, identification of bronchial situs, especially the superior and inferior relation of the pulmonary arteries and bronchi, is thought to be sufficient to determine cardiac situs.
Lung situs is the most difficult to recognize clinically ; a minor fissure is visible in only half the normal population (29) . CT or MRI can identify either the middle lobe or lingular bronchial system, providing further confirmation of main bronchial typing ; a superiorly oriented p-wave axis was noticed in 80 % of patients with left isomerism.
It is not the point of this study to decide whether the suprahepatic segment of the IVC is the most important landmark in visceral heterotaxy syndrome for determining atrial situs. Our study showed, however, that this segment was not constantly recognized, and on the basis of MRI, the seven cases in which it was visualized were classified by atrial morphology and asplenic shadow as either left isomerism and polysplenia(n=2) or right isomerism and asplenia(n=5).
Both CT and MRI are excellent for the demonstration of major extracardiac arteries and veins, and of abdominal viscera, but the latter best determines not only cardiac situs but also associated complicated cardiac anomaly.
The incidence of systemic and pulmonary venous return and other associated cardiovascular anomalies in this study were not different from the incidence seen in previous investigations (5, 10, 25) .
In conclusion, the superior-inferior relation of pulmonary arteries and main bronchi showed no interobserver variation, and lateralization was the predominanttendency. The author thus considered this situs to be the most reliable method of situs determination by MR imaging. The superior-inferior relation of pulmonary arteries and bronchi was compared with situs on the basis of main bronchial length ratio, atrial appendage or splenic abnormality ; in the assessment of atrial situs by MRI, bronchial length ratio and splenic abnormality are relatively reliable. The accuracy of classification of situs on the basis of atrial appendage morphology is, however, less reliable, particularly in patients with left isomerism. MRI is therefore useful for the assessment of atrial situs according to bronchial situs, as well as, for assessment of associated cardiovascular abnormality. 
